Effect of three ectomycorrhizal fungi on growth and phosphorus uptake of Pinus 
silvestris seedlings at increasing phosphorus levels 
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The objective of this study was to determine the different effects of three ectomycorrhizal fungi (Laccaria laccata, Hebe- 
loma crustuliniforme, and Thelephora terrestris) on the growth and mineral nutrition of Pinus silvestris at different levels of 
soluble phosphorus. Even a low intensity of infection by Laccaria laccata stimulated Pinus silvestris growth greatly. The 
ability of this ectomycorrhizal fungus to increase Pinus silvestris growth seemed to be more related to its capacity to produce 
growth substances than to its capacity to stimulate phosphorus uptake. The poor efficiency of Hebeloma crustuliniforme com- 
pared with Laccaria laccata at any level of phosphorus could result from differences in diversion of carbohydrates from the 
host to fungal structures. 
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L'objectif de ce travail était de comparer |’ effet de trois champignons ectomycorhiziens (Laccaria laccata, Hebeloma crus- 
tuliniforme et Thelephora terrestris) sur la croissance de jeunes plantules de pin sylvestre à différents niveaux de phosphore 
dans la solution nutritive. Méme avec un faible niveau d’infection, Laccaria laccata stimule trés nettement la croissance du pin 
sylvestre. La capacité de ce champignon à stimuler la croissance de son hôte semble plus en liaison avec sa capacité à synthé- 
tiser des substances auxiniques qu’avec sa capacité à stimuler l’absorption du phosphore. La faible capacité d’Hebeloma crus- 
tuliniforme, comparée à celle de Laccaria laccata, quel que soit le niveau de phosphore dans la solution nutritive, pourrait 
résulter de différences dans les dérivations de photosynthétats de la plante hôte vers les structures de l'associé fongique. 
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Introduction 


Ectomycorrhizae occur naturally on many of the important 
forest tree species of the world. The influence of ectomycor- 
rhizae on tree growth and physiology, especially their inter- 
vention in mineral nutrition, has been studied by many 
authors. Several factors influence ectomycorrhizal develop- 
ment on tree roots and the response of trees to mycorrhizal 
inoculation. Phosphorus is probably one of the most important 
factors. It has been found that ectomycorrhizal development is 
decreased as the P level in soil or in nutrient solution increases 
(Hatch 1937; Björkman 1942; Marx et al. 1977). 

Ectomycorrhizal fungi are known to vary in their physiologi- 
cal requirements and therefore may be expected to vary in their 
efficiency as partners in the mycorrhizal associations. The 
objective of this study was to determine the differential effects 
of three ectomycorrhizal fungi on Pinus silvestris at different 
levels of soluble phosphorus. 


Materials and methods 


Seeds of Pinus silvestris were germinated and grown individually 
under nonaseptic conditions in 40-cm? Spencer—Lemaire containers 
filled with peat moss without added mineral nutrients. After 2 
months, seedlings were transplanted into larger Spencer— Lemaire 
containers (175 cm?) and were either not inoculated or inoculated with 
ectomycorrhizal fungi. 

Vegetative inoculum of Hebeloma crustuliniforme, strain Siv, a 
1974 isolate obtained from a sporophore in the northeast of France by 
E. Kiefer, and Laccaria laccata, strain S 238 A, a 1976 isolate 
obtained from a sporophore in Oregon (U.S.A.), by R. Molina, were 
grown in a vermiculite peat moss — nutrient mixture for 2 months, 
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using techniques described by Marx and Bryan (1975). 

One third of the seedlings were not inoculated. One third were 
inoculated with Hebeloma crustuliniforme, and one third with Lac- 
caria laccata. The seedlings were inoculated by thoroughly mixing 
17 cm? of the vegetative mycelium inoculum (1:10, by volume) into 
the growth medium (unfumigated peat moss) prior to filling the indi- 
vidual containers. 

The seedlings were watered twice a week with a diluted nutrient 
solution containing major and trace nutrients (Table 1). 

One month after inoculation, all the containers were opened to 
check the roots for mycorrhizal development. For Hebeloma crus- 
tuliniforme and Laccaria laccata treatments, only seedlings with 
more than 80% of their visible root tips infected were transferred into 
3-L pots filled with a 1:1 homogenous mixture of silica sand and 
vermiculite (pH approximately 7.5). For the control, only seedlings 
without mycorrhizae were used. 

After transfer into the 3-L pots the seedlings received 16 h of light 
daily,and ambient greenhouse temperatures ranged from 20 to 25°C. 
The pots were watered with five different nutritive solutions con- 
taining 0.1, 1, 3.1, 10, and 31 ppm of P at a rate of 200 cm? per day 
per pot. All the other nutrients, except Cl, were kept constant as noted 
in Table 1. 

There were five replicates for each treatment and one seedling per 
pot (3 x 5 x 5 = 75 pots). The seedlings were maintained in the 
greenhouse for 5 months. At that time, all the seedlings were carefully 
lifted. All roots from each pot were collected separately and washed. 
The old roots which had developed in the peat of the Spencer— 
Lemaire containers were separated from the new roots which had 
developed in the sand and vermiculite mixture. The new root system 
of all the plants was examined for mycorrhizae under the dissecting 
microscope. 

Fresh and dry weights of roots and shoots, shoot length, number 
and fresh weight of nonmycorrthizal short roots, and number and fresh 
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TABLE 1. Composition of the nutrient solution in parts per million (P was applied as 
Ca(H,PO,)2, N as (NH4)2.SO,, Mg as MgSO,-7H.O, and Ca as CaCl, -2H,O and Ca(H,PO,), 
P N K Mg Ca H;BO; MnSO,-H,0 ZnSO,-7H,O CuCl,-2H,0 MoO, 
0.1 14 10 5 20 2.3 1.2 2.0 0.5 0.6 
1 14 10 5 20 2.3 1.2 2.0 0.5 0.6 
3.1 14 10 5 20 2.3 1.2 2.0 0.5 0.6 
10 14 10 5 20 2.3 1.2 2.0 0.5 0.6 
31 14 10 5 20 2.3 1.2 2.0 0.5 0.6 
MYCORRHIZAE MYCORRHIZAE 
100 Nonidentified BS = Nonidentified 
2 Thelephora terrestris 400 E8 Thelephoro terrestris 
: 2 Erg Hebeloma crustuliniforme 
$ 50 g 
S E 
è 5 
à é 
01 31 10 31 


P, ppm 


Fic. 1. Percentage of mycorrhizal roots Thelephora terrestris and 
nonidentified mycorrhizae) at five levels of soluble phosphors. 


MYCORRHIZAE 


199 Nonidentified 
Thelephora terrestris 
Laccaria Laccata 
50 


Percentage of mycorrhiza! short roots 


P, ppm 


Fic. 2. Percentage of mycorrhizal roots (Laccaria laccata, Thele- 
phora terrestris, and nonidentified mycorrhizae) at five levels of 
soluble phosphorus. 


weight of the different types of mycorrhizal short roots were 
measured. Three types of mycorrhizae were identified: Hebeloma 
crustuliniforme, Laccaria laccata, and Thelephora terrestris. Some 
mycorrhizae were formed by unknown fungi. Thelephora terrestris 
which often naturally occurred in the greenhouse had contaminated all 
the seedlings. Thus at the end of the growing time, the three mycor- 
rhizal treatments were actually (i) Thelephora (controls), (ii) Lac- 
caria + Thelephora, and (iii) Hebeloma + Thelephora. 

Total foliage P was determined by the phosphovanadomolybdate 
method after complete digestion in perchloric acid. 

Analysis of variance was used to examine all the results. We first 


01 31 10 31 
P, ppm 


Fic. 3. Percentage of mycorrhizal roots (Hebeloma crustulini- 
forme, Thelephora terrestris, and nonidentified mycorrhizae) at five 
levels of soluble phosphorus. 


tested the following hypotheses at the 5% level. Was the interaction 
between phosphorus level and the type of mycorrhizae statistically 
significant? Was there an influence due to the phosphorus level? Was 
there an influence due to the type of mycorrhizae? Then, means were 
generally compared using Scheffe’s method (Scheffe 1969). To 
obtain equality of the variances, we used the following transforma- 
tions: log transformation for the dry weight of seedlings and shoots 
(the variability of this variate was proportional to its mean); and arcsin 
/x transformation for the proportions of mycorrhizae on the roots. 
We used the dry weight of the new root system as the weight variate in 
the analysis (this transformation is used for analysis of the proportion 
of binomial variates; however, we used it to consider the residuals). 


Results 


Ectomycorrhizal development 

The level of phosphorus had little effect on ectomycorrhizal 
development (F = 2.14 for 12 and 37 degrees of freedom, and 
a critical value of 2.10). 

Thelephora terrestris (Fig. 1) formed mycorrhizae on about 
25—30% of the short roots in all the treatments. This propor- 
tion was affected very little although significantly by phos- 
phorus level and by the presence of other mycorrhizal fungi. 

The proportion of Laccaria laccata mycorrhizae (Fig. 2) 
was always very low and ranged between 5 and 10% except for 
the lowest level of phosphorus (20%), but it was not signifi- 
cantly affected by phosphorus level. 

Phosphorus level significantly affected ectomycorrhizal 
development by Hebeloma crustuliniforme (F = 3.61 for a 
critical value of 2.73). The proportion of Hebeloma mycor- 
thizae (Fig. 3) ranged between 3 and 10% at the lowest levels 
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Mean dry weight in one seedling, g 
N 


Laccaria Laccata + 
Thelephora terrestris 


Thelephora terrestris 


Hebeloma crustuLiniforme + 
TheLephora terrestris 


0 
0.11 3.1 10 31 
P, ppm 
Laccaria + Hebeloma + ppm P 
TheLephora Thelephora Thelephora in the 


Laccaria+ Hebelomo+ 


Thelephora Thelephora | Thelephora 


* * 


Laccario + 
Thelephora 


Hebeloma + 
Thelephora 


% Significant 
differences 


Thelephora 
at 5% Level 


0.1 1 3110 31/01 1 3.110 31/01 1 3140 31 


medium 


Laccaria + 


Thelephora 


Hebeloma + 


TheLephora 


TheLephora 


Fic. 4. Dry weight of Pinus silvestris seedlings at five levels of soluble phosphorus, with three different types of mycorrhizae. 


of phosphoms (0.1 to 3.1 ppm of P) and reached 30% between 
10 and 31 ppm of phosphorus. 

Unknown mycorrhizae never accounted for more than 10% 
and were slightly more frequent at high levels than at low 
levels of phosphorus. 


Seedling growth (Fig. 4) 

Phosphorus levels did not significantly influence height, dry 
weight of shoots (F = 2.18 for a critical value of 2.59), or total 
dry weight of seedlings (F = 2.6 for a critical value of 2.61). 

However, mycorrhizal treatments had significant effects on 
growth data (F = 22.02 and critical value = 3.23 for total dry 
weight; F = 7.31 and critical value = 3.23 for dry weight of 
shoots). Mean seedling dry weight was 2.00 with Hebeloma 
crustuliniforme and Thelephora terrestris, 2.33 with The- 


lephora terrestris alone, and 3.38 with Laccaria laccata and 
Thelephora terrestris. All these values were significantly 
different from each other. 

Seedlings with Laccaria laccata and Thelephora terrestris 
mycorrhizae produced significantly more dry matter at any 
level of phosphorus than seedlings with Thelephora terrestris 
mycorrhizae alone, or with Telephora terrestris and Hebeloma 
crustuliniforme mycorthizae. 

Between 0.1 and 10 ppm of phosphorus, Thelephora terres- 
tris and Thelephora terrestris plus Hebeloma crustuliniforme 
treatments were not significantly different in terms of seedling 
growth. However, at 31 ppm of phosphorus, the dry weight of 
seedlings infected with Hebeloma crustuliniforme and Thele- 
Phora terrestris was significantly less than that of seedlings 
infected with Thelephora terrestris. 
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Hebeloma crustuliniforme + 
Thelephora terrestris 


Laccaria Laccata + 
Thelephora terrestris 


Thelephora terrestris 


P, ppm 


ppm P 
in the 
medium 


Thelephora 


Laccaria + 


TheLephora 


HebeLoma + 


TheLephora 


Thelephora 


Fic. 5. Internal concentration of total P in the needles of Pinus silvestris at five levels of soluble phosphorus with three different types of 


mycorthizae. 


Phosphorus concentration in the needles (Fig. 5) 

The concentration of total phosphorus in the needles was 
affected both by phosphorus levels in the nutrient solution and 
by mycorrhizal treatments. 

There was a very close correlation between concentration of 
total phosphorus of the needles and the level of phosphorus in 
the nutrient solution for all mycorrhizal treatments. However, 
inoculation with Hebeloma crustuliniforme significantly in- 
creased phosphorus concentration in tops at high levels of 
phosphorus in the medium (10 and 31 ppm of P). 


Discussion and conclusions 


In this experiment, although the phosphorus concentration in 
the needles depended on the phosphorus status of the nutrient 


solution, the growth of the seedlings did not. This lack of a 
growth response to the increasing concentrations of applied 
phosphorus might have been due to sufficient reserves of this 
element being initially present in the seedlings. Many authors 
(Hatch 1937; Björkman 1942; Marx et al. 1977) have found 
that N and P levels in the medium influenced ectomycorrhizal 
development and that low fertility enhanced it. 

In the current experiment, phosphorus concentrations in- 
fluenced fungi forming ectomycorrhizae in different ways. 
There was no correlation between level of phosphorus and the 
quantity of short roots of Pinus silvestris infected by Thele- 
phora terrestris or Laccaria laccata. Conversely at high levels 
of phosphorus the percentage of roots infected by Hebeloma 
crustuliniforme increased. 

The different growth responses of Pinus silvestris to infec- 
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tion by different ectomycorrhizal fungi were not related to 
phosphorus concentration in the needles. 

Hebeloma crustuliniforme was very efficient at phosphorus 
uptake but had the least effect on Pinus silvestris growth. The 
lack of growth enhancement of Hebeloma crustuliniforme 
compared with Laccaria laccata at all levels of phosphorus or 
with Thelephora terrestris at the highest level of phosphorus 
could result from difference in diversion of carbohydrates from 
the host to fungal structures. Hebeloma crustuliniforme 
developed abundant external hyphae and rhizomorphs, while 
Laccaria laccata did not. 

Laccaria laccata was more efficient at improving Pinus sil- 
vestris growth than at improving phosphorus uptake. Growth 
improvement was not related to the intensity of infection, 
which was moderate for Thelephora terrestris and Hebeloma 
crustuliniforme and poor for Laccaria. With a poor intensity of 
infection Laccaria stimulated seedling growth greatly. This 
stimulation was obtained even in the presence of Thelephora 
terrestris. 

The superiority of Laccaria laccata could be related to its 
capacity for producing growth substances. Slankis (1948, 
1951) first demonstrated that auxins were produced by mycor- 
rhizal fungi. David et al. (1983) demonstrated that mycorrhizal 
fungi could stimulate rhizogenesis in Pinus halepensis hypo- 
cotyl or promote growth resumption in arrested root systems of 
Pinus pinaster. Ek et al. (1983) reported large differences in 
the ability of 16 ectomycorrhizal fungi to produce indoleacetic 
acid (IAA) in pure culture. Pisolithus tinctorius, strain 185, 
the best strain selected by Marx, produced the largest amount 
of IAA. Laccaria laccata, strain S 238 A, the same strain we 
used in this experiment, also produced large quantities of IAA 
in the medium (1010 + 390 ng IAA- mg dry weight"), while 
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Hebeloma crustuliniforme strain Siv, also the same strain used 
in this experiment, produced only 79 + 25 ng JAA-mg dry 
weight". 

In the current experiment the ability of ectomycorrhizal 
fungi to increase Pinus silvestris growth may be more related 
to their capacity to produce growth substances like IAA than to 
their capacity to stimulate phosphorus uptake. 
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